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S U M M A R Y
The outer  layer  o f  our  tee th  i s  covered w i th  a  layer  o f  enamel  tha t  var ies
i n  t h i c k n e s s  f r o m  a b o u t  1 - 3  m m .  D e n t a l  e n a m e l  c o n s i s t  o f  t h e  m i n e r a l
h y d r o x y a p a t i t e  (  -  9 6  w t t )  ,  a n  o r g a n i c  m a t r i x  (  -  I  w t ? ,  m a i n l y  p r o t e i n s  a n d
l i p i d s )  a n d  w a t e r .
Somet imes the  enamel  i s  loca l l y  covered w i th  p laque,  conta in ing  ora l  bac ter ia ,
p r o t e i n s ,  p o l y s a c c h a r i d e s  a n d  o t h e r  c o m p o n e n t s .  D u e  t o  a c i d s ,  o r i g i n a t i n g
f rom temporar i l y  metabo l ic  ac t i v i t ies  o f  o ra l  bac ter ia  a f te r  food consumpt ion ,
t h e  e n a m e l  c a n  b e  d e m i n e r a l i z e d  l o c a l l y .  l n  v i v o ,  t h i s  p r o c e s s  i s  c a l l e d :
e n a m e l  c a r i e s .
The minera l  d is t r ibu t ion  pa t te rn  o f  car ious  enamel  as  func t ion  o f  depth
(perpend icu la r  to  the  ou ter  enamel  sur face)  may be  descr ibed as  e i ther  a
sur face  so f ten ing  or  a  subsur face  les ion .  A  sur face  so f ten ing  is  charac ter iz -
ed  by  a  low minera l  con ten t  o f  the  sur face  enamel  tha t  inc rease cont inuous ly
inwards ,  wh i le  a  subsur face  les ion  is  charac ter ized  by  a  re la t i ve ly  in tac t
sur face  layer  cover ing  the  les ion  body  low in  minera l  con ten t .
From c l in ica l  s tud ies  i t  i s  obv ious  tha t  deminera l i zed  enamel  can be  re -
p a i r e d  n a t u r a l l y  ( r e m i n e r a l i z e d )  d u e  t o  t h e  i n t e r a c t i o n  w i t h  s a l i v a .
T h i s  t h e s i s  d e a l s  w i t h  p r o t e i n - m i n e r a l  i n t e r a c t i o n s  i n  c a r i o u s  e n a m e l  .  A
s h o r t  i n t r o d u c t i o n  i s  g i v e n  i n  C h a p t e r  l .
T h e  a i m  o f  t h i s  i n v e s t i g a t i o n  w a s :
-  t o  d e t e r m i n e  p r o t e i n  c h a n g e s  i n  d e n t a l  e n a m e l  d u r i n g  d e m i n e r a l i z a t i o n .
-  to  ob ta in  in fo rmat ion  in  the  pro te in -minera l  in te rac t ions  in  deminera l i zed
e n a m e l .
I n  C h a p t e r  |  |  a  l i t e r a t u r e  s u r v e y  o n  e n a m e l  p r o t e i n s  i s  g i v e n ;  a  l i m i t e d
at ten t ion  is  g iven  to  the  enamel  minera l .
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T h e  p r o t e i n  c h a n g e s  i n  e n a m e l  d u r i n g  m a t u r a t i o n ,  t h e  a m i n o  a c i d  c o m p o s i -
t i o n s  a n d  s o m e  p r o p e r t i e s  o f  p r o t e i n s  i n  e m b r y o n i c  a n d  m a t u r e  e n a m e l  a r e
d e s c r i b e d .  T h i s  i n f o r m a t i o n  s h o w s  t h a t  h u m a n  a n d  b o v i n e  e n a m e l  o r o t e i n s  a r e
s i m i l a r .
F u r t h e r m o r e ,  t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t i o n s  d e a l i n g  w i t h  p r o t e i n s  a n d
e n a m e l  d e m i n e r a l i z a t i o n  a r e  s u r v e y e d .
C h a p t e r  l l l  d e s c r i b e s  t h e  a n a l y s i s  o f  e n a m e l  p r o t e i n s  r e l e a s e d  i n t o  a  d e -
m i n e r a l i z i n g  s o l u t i o n  d u r i n g  l e s i o n  f o r m a t i o n .  D e m i n e r a l i z a t i o n  w a s  d o n e  w i t h
a  s y s t e m  b a s e d  o n  t h e  p r i n c i p l e  o f  f l o w - d i a l y s i s .  T h i s  f l o w - d i a l y s i s  m e t h o d
combines  the  need fo r  a  la rge  deminera l i z ing  vo lume to  enamel  sur face  ra t io
f o r  m i n e r a l  d i s s o l u t i o n  a n d  a  s m a l l  r a t i o  f o r  e a s y  h a n d l i n g  i n  p r o t e i n  i s o l a -
t i o n .  T h e  r e s u l t s  s h o w  t h a t  t h e  p r o t e i n  r e l e a s e  d u r i n g  l e s i o n  f o r m a t i o n  w a s
n o t  p r o p o r t i o n a l  w i t h  t h e  m i n e r a l  l o s s .
I n  C h a p t e r  l V  t h e  p r o t e i n  c h a n g e s  o f  e n a m e l  d u r i n g  l e s i o n  f o r m a t i o n  a n d
sur face  so f ten ing  are  compared.  The los t  p ro te inaceous mat te r  cons is ts
m a i n l y  o f  p e p t i d e s  ( m o l  . w t  <  1 8 0 0 )  .  P r o t e i n  l o s s  d u r i n g  d e m i n e r a l i z a t i o n  i s
r o u g h l y  5 0 - 6 0 %  o f  t h e  p r o t e i n s  s o l u b l e  u n d e r  r e l a t i v e l y  m i l d  a c i d i c  c o n d i t i o n s
(pH t l  
.5 )  and is  about  20-252 o f  to ta l  p ro te ins  o f  sound enamel  .  Amino ac id
compos i t ion  o f  los t  mater ia l  showed more  ac id ic  amino ac ids  in  case o f  sur face
sof ten ing  as  compared w i th  les ion  fo rmat ion .
T h e  f o l l o w i n g  m o d e l  i s  p r o p o s e d  f o r  p r o t e i n  r e l e a s e  d u r i n g  d e m i n e r a l i z a t i o n :
a c i d  f r o m  t h e  e x t e r n a l  s o l u t i o n  c a u s e s  a n  i n i t i a l  m i n e r a l  d i s s o l u t i o n  r e s u l t i n g
i n  a n  i n c r e a s e d  p o r o s i t y  o f  t h e  e n a m e l .  A c i d  s o l u b l e  p r o t e i n s  a r e  d i s s o l v e d
d u r i n g  o r  a f t e r  m i n e r a l  d i s s o l u t i o n ,  d i f f u s e  o u t w a r d s  a n d  a r e  p a r t i a l l y  a d -
s o r b e d  o n  n e w l y  c r e a t e d  s i t e s  o f  p a r t i a l l y  d i s s o l v e d  c r y s t a l l i t e s .  I n  c o n t r a s t
w i t h  s u r f a c e  s o f t e n i n g ,  e x t r a  n e w  a d s o r p t i o n  s i t e s  a r e  a v a i l a b l e  i n  t h e
sur face  layer  dur ing  les ion  fo rmat ion  and may cause the  d i f fe rences  in  bo th
a m i n o  a c i d  c o m p o s i t i o n  a n d  m o l  . w t  d i s t r i b u t i o n .
D e m i n e r a l i z a t i o n  w i t h  p r o t e i n  ( B S A )  p r e s e n t  i n  t h e  d e m i n e r a l i z i n g  s o l u t i o n
i s  d e s c r i b e d  i n  C h a p t e r  V .  T h e  m i n e r a l  l o s s  w a s  s t r o n g l y  d e c r e a s e d  b y  t h e
p r e s e n c e  o f  B S A  i n  s o l u t i o n ,  w h i l e  a l b u m i n  p e n e t r a t i o n  i n t o  t h e  e n a m e l  w a s
d e m o n s t r a t e d .  T h i s  p r o t e i n  p e n e t r a t i o n  i n t o  e n a m e l  d u r i n g  d e m i n e r a l i z a t i o n
was compared w i th  p ro te in  penet ra t ion  in to  porous  enamel  deminera l i zed  w i th
p r o t e i n  f r e e  a c i d i c  s o l u t i o n s .  A l b u m i n  t r e a t m e n t  a f t e r  d e m i n e r a l i z a t i o n  a t
p H  4 . 7  s h o w e d  q u a n t i t a t i v e l y  c o m p a r a b l e  u p t a k e  w i t h  a l b u m i n  u p t a k e  d u r i n g
d e m i n e r a l i z a t i o n  w h i l e  t r e a t m
lower  p ro te in  up take .  A lbum
t r a t i o n ;  t h e r e  w a s  n o  i n f l u e r
l n  C h a p t e r  V l  t h e  i n t e t
e n a m e l  w i t h  m i n e r a l  h a v e  b
( C h a p t e r  l V )  w a s  w a s h e d
p H  6 . 8 )  a n d  s u b s e q u e n t l y  t
t ions  o f  phosphate ,  f luor ide
bumin  was comple te lY  ( t rea t l
o r  p a r t i a l l y  ( P r e t r e a t m e n t  v
rough ca lcu la t ion  ind ica ted
b u t  m a i n l y  b o u n d  t o  t h e  m i n
A cons iderab le  amount  o f  t
w i t h  7 5  m M ,  w h i l e  c o m P l e t r
phosphate  so lu t ions .  Trea tm
n i f i c a n t  a m o u n t s  o f  a l b u m i n .
T h e s e  r e s u l t s  o n  a l b u m i n
p r o t e i n  m i n e r a l  i n t e r a c t i o n s :
in te rac t ion  and might  be  c€
u p o n  b i n d i n g  t o  t h e  P a r t i a l l '
A lbumin  remova l  w i th  the  lo
es  in te rac t ions  v ia  Ca-br id
remova l  a t  h igh  f luor ide  or
ac t ion  o f  p ro te in  carboxYl  I
l i t e s .
Ex t rapo la t ing  the  a lbumi
in te rac t ions  suggest  a  la rge
reminera l i za t ion  Processes ,
pro te ins  fo r  the  hYdroxYaPa
ed because o f  the  Presence
8 B
,  t h e  a m i n o  a c i d  c o m p o s i -
r i c  a n d  m a t u r e  e n a m e l  a r e
b o v i n e  e n a m e l  p r o t e i n s  a r e
d e a l i n g  w i t h  p r o t e i n s  a n d
ro te ins  re leased in to  a  de-
n e r a l i z a t i o n  w a s  d o n e  w i t h
T h i s  f l o w - d i a l y s i s  m e t h o d
me to  enamel  sur face  ra t io
h a n d l i n g  i n  p r o t e i n  i s o l a -
u r i n g  l e s i o n  f o r m a t i o n  w a s
ur ing  les ion  fo rmat ion  and
:e inaceous mat te r  cons is ts
d u r i n g  d e m i n e r a l i z a t i o n  i s
i v e l y  m i l d  a c i d i c  c o n d i t i o n s
s o u n d  e n a m e l  .  A m i n o  a c i d
no ac ids  in  case o f  sur face
; e  d u r i n g  d e m i n e r a l i z a t i o n :
i n e r a l  d i s s o l u t i o n  r e s u l t i n g
b l e  p r o t e i n s  a r e  d i s s o l v e d
r d s  a n d  a r e  p a r t i a l l y  a d -
r d  c r y s t a l l i t e s .  I n  c o n t r a s t
i t e s  a r e  a v a i l a b l e  i n  t h e
se the  d i f fe rences  in  bo th
t h e  d e m i n e r a l i z i n g  s o l u t i o n
s t rong ly  decreased by  the
'a t ion  in to  the  enamel  was
e l  d u r i n g  d e m i n e r a l i z a t i o n
e n a m e l  d e m i n e r a l i z e d  w i t h
a f te r  deminera l i za t ion  a t
i t h  a l b u m i n  u p t a k e  d u r i n g
d e m i n e r a l i z a t i o n  w h i l e  t r e a t m e n t
l o w e r  p r o t e i n  u p t a k e .  A l b u m i n
t r a t i o n ;  t h e r e  w a s  n o  i n f l u e n c e
a f t e r  d e m i n e r a l i z a t i o n  a t  p H  6 . 8  r e s u l t e d  i n  a
u p t a k e  w a s  l i n e a r  w i t h  i n i t i a l  a l b u m i n  c o n c e n -
o f  f l u o r i d e  o n  t h e  a l b u m i n  u p t a k e .
In  Chapter  V l  the  in te rac t ions  o f  a lbumin  penet ra ted  in to  the  porous
e n a m e l  w i t h  m i n e r a l  h a v e  b e e n  i n v e s t i g a t e d .  T h e  a l b u m i n  c o n t a i n i n g  e n a m e l
( C h a p t e r  l V )  w a s  w a s h e d  w i t h  a  n o n - c o m p l e x i n g  b u f f e r  s o l u t i o n  ( H E P E S ,
p H  6 . 8 )  a n d  s u b s e q u e n t l y  t h e  e n a m e l  w a s  t r e a t e d  w i t h  i n c r e a s i n g  c o n c e n t r a -
t i o n s  o f  p h o s p h a t e ,  f l u o r i d e ,  c h l o r i d e  o r  c a l c i u m ,  l t  w a s  f o u n d  t h a t  t h e  a l -
b u m i n  w a s  c o m p l e t e l y  ( t r e a t m e n t  w i t h  l o w  a l b u m i n  c o n c e n t r a t i o n ,  C h a p t e r  l V )
o r  p a r t i a l l y  ( p r e t r e a t m e n t  w i t h  c o n c e n t r a t i o n  >  2 0 0  F 9 . m t  
' )  
w a s h e d  o u t .  A
r o u g h  c a l c u l a t i o n  i n d i c a t e d  t h a t  t h i s  a l b u m i n  w a s  n o t  i n - t h e  e n a m e l  l i q u i d ,
b u t  m a i n l y  b o u n d  t o  t h e  m i n e r a l .
A  cons iderab le  amount  o f  the  non-washab le  a lbumin  re leased by  t rea tment
w i t h  7 5  m M ,  w h i l e  c o m p l e t e  r e m o v a l  o c c u r e d  w i t h  1 5 0 - 2 0 0  m M  f l u o r i d e  o r
phosphate  so lu t ions .  Trea tment  w i th  ch lo r ide  or  ca lc ium d id  no t  remove s i9 -
n i f i c a n t  a m o u n t s  o f  a l b u m i n .
These resu l ts  on  a lbumin  remova l  permi t  the  fo l low ing  descr ip t ion  o f  the
p r o t e i n  m i n e r a l  i n t e r a c t i o n s :  a l b u m i n  r e m o v a l  u p o n  w a s h i n g  i n d i c a t e s  a  w e a k
in te rac t ion  and might  be  caused by  the  loss  o f  the  na t ive  fo rm o f  a lbumin
u p o n  b i n d i n g  t o  t h e  p a r t i a l l y  d i s s o l v e d  c r y s t a l l i t e s .
A lbumin  remova l  w i th  the  lower  f luor ide  or  phosphate  concent ra t ions  ind ica t -
e s  i n t e r a c t i o n s  v i a  C a - b r i d g e s  b e t w e e n  a l b u m i n  a n d  m i n e r a l ,  w h e r e a s  t h e
remova l  a t  h igh  f luor ide  or  phosphate  concent ra t ions  are  due to  the  in te r -
ac t ion  o f  p ro te in  carboxy l  g roups  w i th  sur face  bound ca lc ium o f  the  c rys ta l -
l i t e s .
E x t r a p o t a t i n g  t h e  a l b u m i n - m i n e r a l  i n t e r a c t i o n s  t o  s a l i v a r y  p r o t e i n - m i n e r a l
in te rac t ions  suggest  a  la rge  in f luence o f  sa l i vary  p ro te ins  on  enamel  de-  and
reminera l i za t ion  processes ,  because o f  the  h igh  a f f in i t y  o f  severa l  sa l i vary
pro te ins  fo r  the  hydroxyapat i te .  Th is  may even be  more  s t ronger  than expec t -
ed  because o f  the  presence o f  severa l  sa l i vary  phosphopro te ins '
8 9
